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This study was undertaken to determine the effects of
low temperatures of 5, 10, 15, and 20 C, respectively, on
the metabolic rate of Parameclum caudatum as measured by 02
uptake. The oxygen content of water was determined in both
experimental and control bottles before organisms were placed
in them. Exposures of organisms to different temperatures
were made at 24 and 48 hr intervals. Winkler's titration
technique was used, with slight modifications.
Temperatures of 10 and 15 0 were used in determining
oxygen consumption by Paramecium caudatum in distilled water
over 24 hr periods and yielded an average uptake of 0.49 and
0.71 ppm, respectively. The same temperatures were used
with Paramecium caudatum over 48 hr periods and resulted in
an average oxygen consumption of 0.60 and 0.91 PPm.
It was concluded that oxygen consumption of paramecia
over 24 and 48 hr periods was almost directly proportional to
the increase in temperature. With a decline in the environ
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The average Oo uptake of pararaecia
(in 10 trials) per 48 hr at various
temperatures. The total number of
paramecia used to obtain the averages
above was approximately 6,800 17
2. The average Og uptake of paramecia
(in 9 trials) per 24 hr at various
temperatures. The total number of
paramecia used to obtain the averages










The means, deviations and deviations squared
of correlated data of oxygen consumption
obtained from pararnecia exposed to 5 and 20
C for 43 hr are shown
The means, deviations and deviations squared
of correlated data on oxygen consumption
obtained from paramecia exposed to 10 and
20 0 for 48 hr are shown 15
The means, deviations and deviations squared
of correlated data on oxygen consumption
obtained from paramecia exposed to 15 and 20
0 for 48 hr are shown. lo
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of correlated data on oxygen consumption
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Paramecia are widely distributed In nature and easily
cultured for biological study. It is for this reason that
they have long been a favorite organism for special study
and experimentation.
For the most part, studies on the respiration of
paramecia have been fragmentary. This is due to the fact
that a large number of these protozoans, free of bacteria and
other organisms, has not always been easy to obtain. Also,
methods for measuring very small rates of respiration at
low temperatures havo not been as accurate as one might desire.
The process of respiration in Parameoium involves in
ternal gas utilization. Oxygen is diffused through the
surface of the body into the protoplasm of Parameoium.
Carbon dioxide likewise diffuses out of the cell through the
surface of Paramecium. The contractile vacuoles probably
discharge some of the carbon dioxide as well as nitrogenous
waste and water (Allee and Oesting, 1934).
Many early investigators were concerned with the
measurement of over-all gas exchange in cillates. Much
work has been done concerning respiration in cillates from
18 through 35 0, but very little work has been done concern
ing respiration below 18 0. It is for this reason that
this writer became interested in seeing the effect of respi
ration at lower temperatures.
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The purpose of this investigation was to determine
the effects of low temperatures of 5, 10, 15 and 20 0,
respectively, on the metabolic rate of Paramecium caudatum
as measured by 02 uptake.
CHAPTER II
BBVU3W Of LITERATURE
Many investigators have been concerned with the meas
urement of respiratory exchange in ciliates. Vernon (I896)
made the first attempt to measure the metabolism of a pro
tozoan with the radiolarian Oollozouni inerme. According to
Lund (1918a), Putter continued these investigations. He
demonstrated that several ciliates reacted differently when
sub^eoted to anaerobic conditions; some perished rapidly,
but others lived for a considerable length of time. He
observed that the death of Parameeium and Oolpidium was more
rapid in individuals which were first starved for a few days
and then placed in aneroblc environments, and concluded that
this was correlated with the amount of reserve food material
such as protein, glycogen and paraglyoogen present in the
animal's body. He farther noticed that Parameolum was less
affected by anerobic conditions than Sulrostomum when either
was placed in a small amount of water. He also maintained
that the smaller the size of the body and the more elaborate
the contractile vacuole system, the organisms suffered less
when the amount of oxygen in the water decreased, since the
removal of catabolic products depended upon these factors.
According to Lund (1918b) and Amberson (1929) the oxygen
consumption of Paramecium was relatively constant over a
wide range of oxygen concentrations. Lund (1918b) and Leich-
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senring (1925) placed the organisms in a closed chamber filled
with water of known oxygen (O2) content and later measured
the amount of 02 left after a definite period of time. In
order to measure oarbon dioxide (OO2) production, Lund placed
the organisms in a small amount of water in an open contain
er in which barium hydroxide (Ba(0H)2) was present. The c02
given off by the organisms was absorbed by the alkali, and
the latter was titrated with acid in the presenoe of an indi
cator.
It was indicated from the experiments of Lund that,
within wide limits, 02 tension had little or no effect on the
rate of 02 consumption for Paramecium or Oolpoda, but it
increased 02 intake in Spirostomum. Lund (1921) also found
that the rate between 0.04 and 2.2 cc of 02 per 137 oc of
water; a 55 fold difference between the upper and lower
values. This was determined by placing a thick suspension
of paramecia in stoppered bottles and measuring the dissolv
ed O2 content of the water by the Wlnkler method. Amberson
(1929) confirmed Lund's conclusions.
Direct measurements of oxygen consumption of single cells
of Paramecium caudatum were made by Kalmus (1928), according
to Calkins (1941), and Rowland and Bernstein (1931). Kalmus
(1928) used a respirometer and found that variables such as
temperature and nutrition affected the respiration of Para-
meolum caudatum. Kalmus (1928) also reported that a decrease
in the partial pressure of O2 resulted in a decrease of Og
uptake. This observation was in disagreement with the works
of Araberson (1929) and Lund (1918b).
Howland and Bernstein (1931) conducted experiments with
the Kalmus respirometer. They reported that there was a
volume decrease regardless of the presence or absence of an
organism in the respirometer. They attributed this to a fail
ure of the Kalmus technique to assure adequate temperature
equilibrium. They found values for the rate of oxygen con
sumption of single cells of Parameclum caudatum by using a
modified respirorneter of their own design. Small amounts of
oil, KOH solution, air, water which contained an animal, and
oil, respectively, were drawn into small capillary tubes.
The distance between the oil-water and oil KOH interfaces de
creased as the pararaecium consumed oxygen. This change was
measured microscopically by means of an ocular micrometer and
calibrated mechanical stage. It was also possible to correct
for slight movements within the tube caused by thermobaro-
metric changes and to osmotic differences between the water
and KOH by using control tubes made in a similar manner but
without an animal. This method was improved upon by Gerard
and Hartline (1944). They enclosed the tubes in an air-tight
chamber in order to eliminate barometric disturbance, and by
using a screw micrometer they were able to Increase the accuracy
of their readings.
According to Gerard and Hartline (1944), the rate of 02
consumption of Pj. oaudatum was also studied by Zweibaum. He
found that the rate, Just before conjugation, was about 0.37
ml 02/l.000 organisms/hr. This rate increased during conjugation
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to 2.4 ml/1,000 organisms/hr, but immediately after conjuga
tion, there was a deorease to about 0.73. During the first
8 or 9 days following conjugation, the rate increased slowly
to 2.0 ml/1,000 animals/hr, and remained at this value from
4 to 5 months.
It was Leichsenring (1925) who demonstrated that Para-
meeium, when transferred from a temperature of 20 0 to one
of 35 0, had a respiratory Increase of 35$. When transferred
to temperatures of 15, 10, and 0 0, respiration was decreased
30, 50, and 58$, respectively.
Leichsenring also studied the effects of various sub
stances on the respiration of Faramecium, He found that
glutamic acid, peptone, and thyroxin increased respiration
12-18$; that glycocoll and succinic acid increased respiration
8-9$, and that tyrosine and cystine produced little effects.
Lactose caused an increase of 16$, while other polysaccha-
rides gave increases of 3-10$. Thyroxin resulted in an in
crease of 13$. lo explanation was given concerning the
mechanisms involved in these effects.
Many investigators were concerned with the question
of cyanide inhibition of respiration in Parameclum, but it
was Hyman (1940), Boell (1945), and Pace and Clark (1945)
who reported that respiration in Parameolum caudatum,
Parameclum calkinslci, and garameolum aurella was affected
by cyanides. Increased cyanide sensitivity of respiration
in paramecia, when glucose served as the substrate, was
observed by Cleveland and Burks (1956). In view of the rela-
tion between the degree of cyanide sensitivity and glucose
metabolism (Von Brand, 1951), it was assumed that the absolute
concentration of cyanide necessary to produce respiratory
inhibition was not nearly as significant as were the consis
tent findings that glucose utilization enhanced cyanide sen
sitivity in ciliate respiration.
Boell (1945), and Cunningham and Kirk (1941) observed
that ammonia was produced during endogenous metabolism in
Parameoium. This was indicated by the fact that nitrogen
metabolism accounted for a signifiaant amount of endogenous
aerobic respiration. The investigations of Eyley (1952) and
Rao (1958) also indicated that endogenous respiration of
Tetrahymena was sustained by protein metabolism.
CHAPTER III
MATERIALS AID METHODS
Paramecium caudatum, the experimental organism, was
grown in a phosphate buffered hay infusion (pH 6.8 to 7.0)
and kept at 24 - 2.0 0. Successful hay infusions were made
by placing approximately 6 g of cut Timothy hay in 1 liter
of distilled water and boiling for approximately 20 minutes.
Hay was obtained from portions left by other students in an
experimental zoology class. The infusion was allowed to
stand for a period of time (24 hr) before being inoculated
with paramecia. Within 10 days the paramecia were numerous
and ready to be experimented with. This method was developed
by Pace and Belda (1952).
Organisms were counted by using the white blood cell
count on the haemacytometer slide. One cubic millimeter of
the infusion, which contained samples to be analyzed, aad by
means of a volumetric pipette, 1 cc of 40^ manganous sulfate
solution was added well below the surface of tne water. In
a like manner, 1 cc of a solution containing 70$ KOH and 15%
KI was added. The stopper was replaced and the sample was
mixed by inverting the bottle several times. A precipitate
formed which was allowed to settle for a few minutes. Thor
ough mixing was required; therefore, repeated inversion was
done. After the final settling of the precipitate, a clear
fluid occupied the upper portion of the bottle. Using a
8
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1 cc volumetric pipette, 1 cc of concentrated sulfuric acid
was added by permitting it to run down the neck of the bottle;
it was then mixed well by inverting the bottle several times.
The sample was allowed to stand for at least 5 to 10 min.
After the acid had been added and the stopper of ths sample
bottle replaced, 200 cc of the sample were transferred to a
500 cc beaker and titrated rapidly with M/40 sodium thiosul-
fate solution until the iodine color in the sample changed
to a pale straw color. Two cubic centimeters of a 1% starch
solution were then added and titratlon was continued rapidly,
but cautiously, until the blue color first disappeared. Ti-
tration was discontinued at this point. Any return of blue
color was ignored.
Th® procedure described above is Winkler's method as
modified by Fox and Wingfield (1938) for determining the
amount of oxygen dissolved in water and it has been widely
adopted as a suitable technique for use in studies on the
respiration of atuatic organisms. The method was originally
devised for work in quantitative physical chemistry to meas
ure the amount of oxygen absorbed by water at different
temperatures.
Solutions used in this Investigation were made as
follows: 400 g of M11SO4 were dissolved in distilled water
and made up to 1 liter. Seven hundred grams of KOH and 150 g
of KI were dissolved in distilled water and made up to 1
liter. Concentrated sulfuric acid (Sp gr 1.83-1.84), which
is about 36 H, was used. A 0.025 M stock sodium thiosulfate
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solution to one liter of water; chloroform (5 cc per liter)
was added as a preservative. A \% starch solution was pre
pared by dissolving 1 g of powdered starch in a small amount





The effects of low temperature on the metabolic rates of
paramecia were studied and are graphically shown in Figs. 1
and 2. These graphs show a linear relationship between
temperature and oxygen consumption. In these experiments,
the temperatures used (5, 10, and 15 0) were not the optimal
temperatures in which paramecia exhibit maximal oxygen uptake,
The optimal temperature for highest oxygen uptake in parame
cia is from 16-25 0 (Pace and Belda, 1952). The controls in
this experiment were kept at a temperature of 20 0. However,
the temperatures used in this experiment did not prove detri
mental when paramesia were subjected to such for 24 and 48
hr. Paramecia kept at temperatures of 5, 10, 15, and 20 0
resulted in 02 uptakes of 0.30, 0.49, 0.71 and 0.93 ppm,
respectively, at the end of 24 hrs. Over a 48 hr period,
temperatures of 5, 10, 15, and 20 0 resulted in an oxygen
uptake of 0.31, 0.60, 0.91 and 1.2 ppm, respectively.
There was a continual decrease in the uptake of oxygen
following the placement of the organisms in a cold room at
temperatures of 15, 10, and 5 0, respectively. It was also
found that paramecia in water at 5 0 consumed less oxygen
than those paramecia (control organisms) in water at 20 0.
Organisms in water of 5 0 consumed approximately l/2 the
oxygen of those of 10 0, l/3 the amount consumed at 15 0
and 1/4 the amount consumed at 20 0. When a temperature
11
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of 15 0 was used, results indicated an average decrease of
0.22 ppm and exposure at 10 0 oaused an average decrease of
0.44 ppm of oxygen consumption as compared to the control
group over a 24 hr period. Exposures over a period of 48
hr to temperatures of 15 and 10 0 resulted in an average
decrease of 0.29 and 0.60 ppm of O2 consumption, respectively,
whereas the average value for the controls at the end of
48 hr was 1.2 ppm.
The 02 uptake of organisms (controls) in water at
20 0 was much greater than at 5 and 10 0 in both 24 and
48 hr observations. Paraiaecia at lower temperatures had
a decrease in oxygen consumption as compared to the controls
at 20 0.
The data obtained for oxygen consumption of these organ
isms were treated statistically and the differences in 02
uptake between the experimental groups and controls were
significant. The results are presented in Tables I-III
and Fig. 1, as well as Tables IV-VI and Fig. 2, for 24 and
48 hr periods, respectively. From the tables and figures
the following may be observed:
1. Standard deviation was 0.1424, 0.0189, and
0.0349 in correlation between 5 and 20 0
over a 48 hr period. The deviation was
0.1008, 0.0467 and 0.0992 at temperatures
between 5 and 20 0 for 24 hr.
2. The probability ranged between 0.001 to 0.05.
15
3. The average standard error of the mean
was 0.03.
Standard deviation, probability, and student's "t" values









P = Probability of changes due to chance.
B- values were obtained which correlated "t"
values with degrees of freedom (U - 1).
SD2 = Standard deviation squared.
D = Some of deviations squared.
D2 = Deviation squared.
T = Student's "t" values.
M = Number of observations.




The average standard error of the mean is presented in
Table VII.
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Table I. The means, deviations and deviations squared of
correlated data on oxygen consumption obtained from

























































































Table II. The means, deviations and deviations squared of
correlated data on oxygen consumption obtained from
paramecia exposed to 10 and 20 0 for 48 hr are shown.
Exp. O2 Cone, (ppm)











































































= 12.8 = P = <0.01
'.0021
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Table III. The means, deviations and deviations squared
of correlated data on oxygen consumption obtained














































































































_L _L ± ± J
10 15 20
Temperature (0)
Fig. 1. The average 02 uptake of paramecia (In 10
trials) per 48 hr at various temperatures.
The total number of parameola used to obtain
the averages above was approximately 6,800.
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Table IV. The means, deviations and deviations squared of
correlated data on oxygen consumption obtained from




















































































Table V. The means, deviations and deviations squared of
correlated data on oxygen consumption obtained from























































































Table VI. The means, deviations and deviations squared of
correlated data on oxygen consumption obtained







































































































5 10 15 20
Temperature (0)
Fig. 2. The average 02 uptake of.paramecia (in 9 trials)
per 24 hr at various temperatures. The
total number of paramecia used to obtain
the averages above was approximately 6,800.
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Table VII. Summary of standard error of the mean for oxygen
consumption (ppm) in parameoia.
Temperature (0) Length of Incubation

























There has been much study and speculation concerning
the respiration of the protozoa. But in spite of the work
that has been done in this area, the results have not been
successfully organized in a unified body of knowledge. Para-
mecla were selected as objects for the study of respiratory
processes of protozoa because they were relatively simple to
culture in pure line, large numbers were readily obtained,
and they were clearly visible under low magnification of a
microscope.
Amberson (1929) reported that in order to carry on
various vital metabolic activities, the paramecia, like all
other organisms, must transform the potential energy stored
in highly complex chemical compounds present in the cytoplasm
into various forms of active energy by oxidation. The majority
of free living and certain parasitic forms absorb free molec
ular oxygen from the surrounding media. The absorption of
oxygen appears to be carried on by the permeable body surface,
since there is no special organelle for this purpose.
The influence of temperature on the rate of metabolism
in protozoa has been rarely determined. According to Leich-
senring (1925), as a result of the work of Lavoisier and
of a great number of investigators since his time, it is
now known that declines in ambient temperature produce a
decrease in the rate of metabolism. If paramecia have heat
regulating mechanisms, they are very poorly developed. Hence,
23
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the body temperature of these organisms varies directly with
the environmental temperature. Vernon (I896) reported that
there appears to be a constant relationship between tempera
ture and respiratory exchange in protozoa. He found that
the percentage of decreases in the rate of metabolism varied
in different organisms; but as a rule, the less complex the
animal, from an evolutionary standpoint, the greater the
effect produced under aerobic conditions. Barratt (1905)
determined the carbon dioxide production in paramecia at
various temperatures and found that more than twice as
much carbon dioxide was produced at a temperature of 27 to
30 0 than at 15 0. The increase in oxygen consumption
observed in paramecia in the present Investigation over a
selected range of low temperatures agrees very well with
the increase in carbon dioxide production reported by Barratt,
if we assume an R.Q. of 1. Organisms subjected to a tempera
ture of 10 0 consumed almost twice as much 02 as those sub
jected to 5 0, and those at 15 0 used approximately three
times; the control at 20 0 consumed almost four times as
much oxygen as compared to those organisms at 5 0.
It was found that paramecia could adjust when transferred
from rooia temperature to a cold room temperature of 5» 10,
and 15 0. Oxygen consumption in paramecia was a good index
of their physiological conditions. Under ordinary conditions
the controls had an average uptake of 0.93 and 1.2 ppm at
the end of 24 and 48 hr, respectively. Upon exposing organ
isms to a cold environment, there was a considerable decrease
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in the oxygen consumption. Paramecia subjected to 5» 10, and
15 0 for 24 hr consumed an average of 0.30, 0.49 and 0.71 ppm»
respectively, and for 48 hr periods they consumed 0.31» 0.60,
and 0.91 ppm, respectively. As the environment of these
organisms varied, so did the 02 uptake, This may be due to
environmental factors such as temperature variations which
impose other limiting factors such as rate of diffusion,
motility and food-getting which are directly related to oxy
gen consumption.
Paramecia do not have a specialized respiratory system
as some higher invertebrates and vertebrates (Zeuthen,
1955). Their respiratory gas exchanges are carried on by
diffusion through the body walls. Also, life functions
cannot remain very active if the particular protoplasm is
exposed to very cold environments or when frozen. Accord
ingly, an exposure to low temperatures may have accounted
for the decreasing oxygen consumption with respect to the
decreasing temperature. However, the rate of oxygen con
sumption may not only be influenced by temperature, but other
factors such as activity, nutrition, body size, stage in life
cycle and genetic background.
Leichsenrlng (1925) reported that a fall in temperature
of the environtaent of paramecium produced a decrease in
oxygen consumption, and a rise in temperature brought about
an increase In oxygen consumption. The respiration in
Paramecium caudatum increased 35$ between 20 and 35 0, but
between 20 0 to 15 0 a decrease of 34$ was observed below
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that of the controls at 20 0. The decrease in oxygen
consumption observed in paramecia in this investigation
over ranges of low temperatures (5, 10, and 15 0) agrees
very well with the decrease in oxygen consumption reported
by Leichsenring (1925). The Og uptake resulted in an
average decrease of 0.63 ppm at 5 0, 0.44 ppm at 10 0, and
0.22 ppm at 15 0, as compared to the controls at 20 0 which
utilized 0.93 ppm over a period of 24 hr.
It is a well established fact that when paramecia are
deprived of food, metabolism decreases until it reaches a
certain low level at which it remains fairly constant
(Scholander, 1951). In the present investigation it was
found that starvation may have caused a decrease in oxygen
consumption in these organisms just as it does in higher
animals. According to Kudo (I960), the intake of oxygen
does not require complicated respiratory mechanisms. Ap
parently, diffusion, high rate of water exchange, and pro
toplasmic movements are sufficient to maintain a suitable
level of 02 tension in the protoplasm and to prevent the
accumulation of toxic amounts of COg. The mechanisms which
are responsible for the high rate of water exchanges are the
contractile vacuoles, and therefore contractile vacuoles in
directly regulate oxygen content of the cell by the maintenance
of water balance. Since oxygen is carried into the cell by
water and the water content is altered by the decrease in
diffusion or the function of the contractile vacuole, oxygen
consumption is also affected (Lwoff, 1966).
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Qllphant (1939) found that the rate at which cilia of
Parameoium beat varied inversely with the temperature. He
implied that this condition was associated with changes in
vlcosity of the organism. It was observed that paramecla
were very inactive at lower temperatures as compared to
their rather quick and darting movements under normal con
ditions. This may suggest that higher viscosities prevail
at lower temperatures.
Pace and Kimura (1944) determined th§ rate of oxygen
consumption and carbon dioxide elimination for Parameclum
aurelia and Paramecium caudatum and their results indicated
marked acceleration in respiration with increased tempera
ture, and their respiratory quotients suggested that para-
aiecium had greater carbohydrate metabolism at higher tempera
tures (30-35 0) than at lower temperatures (15-20 0). They
also determined the temperature coefficients (Q^q) and tem
perature characteristics for Parameclum aurelia and Parameoium
caudatum. In this experiment, it was observed (Fig. 2) that
in a 10 0 Increase in temperature the rate of respiration
reaction doubled from 0.60 ppm to 1.2 ppm. At 10 0, the
graph shows an average decrease of 0.60 ppm as compared with
the control at 20 0. This 10 0 interval resulted in a doub
ling of the rate of respiratory action to 1.2 ppm at 20 0.
It was found that at 48 hr the oxygen consumption at 15
and 20 0, respectively, was approximately twice that at 5
and 10 0, respectively. The 02 uptake resulted in an average
decrease of 0.89 ppm at 5 0, 0.62 ppm at 10 0 and 0.29 ppm
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as compared to the control at 20 0 which utilized 1.2 ppm
over a period of 48 hr. The decrease in oxygen consumption
with a fall in its environmental temperature may tend to
affect cell activity, metabolism, nutrition, and growth which
are directly correlated. The majority of paramecia are able
to live within a wide range of temperature variations, although
in the encysted state they can withstand a far greater tem
perature fluctuation (Commoner, 1949). The lower limits
of temperatures are marked by a lack of thermal energy of
activation for ions or molecules within the protoplasm and
the upper limits by the destructive changes of enzymes within
the protoplasm. In nature, the upper thermal death point of
most free living protozoans appears to lie between 36 and
40 0. Their optimum temperatures lie between 16 and 25 0.
The resistance of Parameeium caudatum to a temperature
of 40 0 has been shown to vary with the hydrogen ion concen
tration of the medium and to exhibit maximum resistance at
neutrality (Ohalkley, 1930). In a saline solution the rate
of death by heat seems to vary with different hydrogen ion
concentrations.
During this investigation, temperatures to which the
organisms were subjected and the length of exposure were very
important in determining the effects of Og consuraption. Ex
posures of paramecia to decreasing temperatures over definite
periods of time caused a reduction in oxygen consumption in the
experimental groups. Organisms placed in 5 0 temperatures
consumed less than those of the controls. Paramecia refriger-
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ated at 5 0 had a decrease In oxygen consumption equal to
approximately 50% of those at 10 0, 33% of those at 15 0 and
25% of the amount consumed by the controls at 20 0 over a
period of 48 hr. Between 20 to 5 0, the organisms had a dif
ference in 02 uptake of 0.89 ppm, in the 20-10 0 range 0.62
ppm, and in the 20-15 0 range 0.29 ppm. On the other hand,
organisms exposed to temperatures between 20 to 15 0 resulted
in an average difference of 0.63 ppin, 0.44 ppm in the 20-10 0
range and between 20 and 15 0 the difference was 0.22 ppm.
Thus, oxygen consumption over both 24 and 48 hr was
almost directly proportional to the rise in temperatures at
5, 10 and 15 0. Although the rate of oxygen may not only be
influenced by temperature, other factors such as activity,
metabolic rate, nutrition, body size and stage in the life
cycle have an effect on oxygen consumption.
Statistical treatment of the data presented in Chapter
IV indicates that the rate of oxygen consumption differs sig
nificantly at temperatures of 5, 10, 15 and 20 0 per 24 and 48
hr period (Tables 1-VTI and Fig. 1 and 2). Standard error of
the mean was - 0.03. The probability of chance being respon
sible for the difference in oxygen consumption by the organisms
incubated at three different temperatures was very remote. This
amount was due to inaccuracy of the experiment and 99 £% was
probably due to some other cause. In this experiment, the effect
is thought to be due to temperature. Thus, oxygen consumption
was directly correlated with changes in temperatures.
CHAPTER VI
SUMMARY AMD CONCLUSIONS
1. A decline in the environmental temperatures of paramecia
resulted in a decrease in oxygen consumption and a rise
in environmental temperatures of paramecia produoed an
increase in oxygen consumption at 5, 10, 15 and 20 0.
2. Paramecia subjected to environmental temperatures of 15
and 10 0 resulted in an average decrease of 0.22 and
0.44 ppm of oxygen during the first 24 hrs.
3. Organisms in water of 5 0 consumed approximately one-
half the oxygen of those at 10 0, one-third the amount
consumed at 15 0 and one-fourth the amount consumed at
20 0 over a 48 hr period.
4. The control organisms over a 48 hr period at 20 0 con
sumed approximately twice as much oxygen as those
subjected to a temperature of 10 0.
5. The rate of oxygen consumption at 5 0 in both experimen
tal groups was found to be 0.30 - 0.1 ppm per 24 and 48
hr periods.
6. The control organisms of 24 hr periods consumed almost
twice the amount of Og consumed by those at 10 0.
7. The oxygen consumption over both 24 and 48 hr was almost
directly proportional to the rise in temperature at 5,
10 and 15 0.
8. The probability of changes in oxygen consumption ranged
from ^0.001 to ^0.05.
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